Simultaneous liver kidney transplantation (SLK) is the only curative option for patients with combined end stage liver and kidney disease. With the global obesity epidemic, an increasing number of obese patients are in need of SLK. However, the impact of pre-transplant obesity on outcomes after SLK is unknown. An analysis of the United States OPTN registry (Oct 1987 -June 2016) identified 7205 SLK transplants. Of these, 1677 patients were overweight/obese (OW, BMI 30-39) and 183 were morbidly obese (MO, BMI ≥40). 29% of patients had NASH in the MO group versus 16.4% and 4.7% in the OW and normal weight (NW) groups, respectively. The 1, 3 and 5 year overall patient survival, kidney and liver graft survivals were comparable between the three groups. Numerically higher rates of acute kidney rejection were reported in the MO group at 1 year [12.73%, 8.59%, and 10.05% for MO, OW and NW, respectively (P = 0.22)]. Multivariate analysis identified diagnosis of hepatitis C, donor age, diabetes mellitus, and delayed kidney transplant function but not BMI as risk factors for poor patient and both liver and kidney graft survival. Based on these findings, obesity should not be a contraindication for SLK even for patients with BMIs ≥ 40.
Introduction
Simultaneous liver kidney transplantation (SLK) is life saving for patients with concomitant end stage liver (ESLD) and end stage renal disease (ESRD). With improving patient outcomes, the rates of SLK have been steadily increasing in the United States [1] . Indications for SLK in the U.S. have been evolving with nonalcoholic steatohepatitis (NASH) cirrhosis becoming the leading indication for SLK in the United States [2, 3] . NASH represents a unique challenge to the transplant community, as it is closely associated with metabolic syndrome [4] . This syndrome has been linked to pre-, peri-and post-operative clinical outcomes in liver transplant recipients. However, the impact of the metabolic syndrome, particularly, the component of obesity on SLK is relatively unknown.
The global obesity epidemic already affects >40% of the population of the United States [5] . Obesity, which is associated with the metabolic syndrome, is a constellation of symptoms/disorders including diabetes, cardiovascular disease, liver steatosis, and hyperlipidemia [4] . As patients progress to cirrhosis, these metabolic comorbidities can also impact renal function. End stage liver disease is known to have an effect on kidney function with many patients developing significant kidney disease as hepatic function declines both in the form of hepatorenal syndrome but also chronic kidney disease [6] . Interestingly, a recent report implicates NASH as an independent risk factor for chronic kidney dysfunction (CKD) and is also an independent risk factor for the deterioration in renal function after liver transplantation [7] .
There are currently no accepted national guidelines for BMI cut-off and there is significant heterogeneity in clinical practice across transplant centers in the U.S. In addition, the impact of obesity on SLK is largely lacking. Thus, the UNOS database was queried to determine the impact of obesity and degree of obesity on graft loss and patient survival in patients receiving SLK.
Methods
A retrospective analysis of the UNOS STAR files that encompassed patients transplanted from Oct 10, 1987 -June 30, 2016. Data was requested through the following URL: https://optn.transplant.hrsa.gov/data/requestdata/#.
BMIs used for analysis were recorded at the time of transplant. When BMI was not available, it was calculated based on the patient's height and weight. All patients that underwent SLK were selected for the analysis. The compiled demographic, pathologic and clinical variables included: gender, age, waiting time, physiological MELD, cold and warm ischemia times, and graft steatosis. The kidney donor risk index (KDRI) was also calculated for all kidney grafts [8] . The measured outcome variables included: treated acute rejection of the liver and kidney allografts as well as graft and patient survival.
Statistical analysis
All means were expressed as mean AE standard deviation for continuous variables. Comparisons of continuous measures were assessed by the Kruskal-Wallis test. Categorical variables were analyzed by the Proportion test. Survival probabilities were estimated using the KaplanMeier method and compared using the log-rank test. Univariate and multivariate analysis was performed using shared frailty Cox regression models, with region as a random effect, where graft or patient survival was used as an outcome [9] . In order to avoid any bias, all preoperative variables deemed important were selected for multivariate analysis. However, re-transplants and post-operative variables (except delayed graft function (DGF) were excluded from the analysis. Interactions between BMI and NASH, albumin and MELD with known risk factors were considered. The P-values for significant covariates from the final multivariate model and their corresponding univariate P-values are shown in the tables. The resulting hazard ratios and their 95% confidence limits from the multivariate analyses can be shown in a forest-plot. Descriptive summaries and forest plot were created in R 3.3.2 (URL: https://www.r-pro ject.org/) while statistical analysis was performed using SAS v9.4 (SAS Institute, Cary, NC, USA). All analyses used a 5% level of statistical significance.
To accommodate variation over time of BMI on the patient mortality and/or graft failure, we also used a shared frailty Cox proportional hazards survival regression model using cubic B-splines to model the hazard ratio as a flexible function over time. The number of knots used was determined by the model with highest log-likelihood and the location of these interior knots were based on the quartiles of the observed time events to approximate equal number of events in each interval. To determine which models were used, the marginal log likelihood was compared between models treating BMI as spline, categorical, and continuous [10] .
Results

Outcomes of obese patients following SLK
A total of 7,205 patients identified in the UNOS database from Oct 10, 1987 to June 30, 2016 and were included in this study. Patients were divided into 3 cohorts for analysis: normal weight recipients, (NW) BMI <30; overweight/obese recipients (OW), BMI 30-39; and morbidly obese recipients (MO), BMI ≥40. Demographic data for the three groups is provided ( Table 1 ). The 3 cohorts were relatively similar except the prevalence of MO was lower in the African-American group. Higher rates of diabetes were noted in the OW and MO groups and not surprisingly progressively more patients had NASH as their primary liver diagnosis as the BMIs of the groups increased. The mean MELD at the time of transplant was higher in the OW and MO groups versus the NW group (28.4, 30.4 , and 32.4 for NW, OW, and MO, respectively). Donor characteristics including cold ischemia time were comparable across all three cohorts.
Not surprisingly, the overall length of stay was slightly longer for the morbidly obese group versus the OW and NW groups (Table 2) . However, overall short and long-term survival was comparable between the NW, OW, and MO groups (P = 0.74) (Fig. 1) . Similarly, kidney and liver graft short and long-term survival were not statistically significant (P = 0.29 and P = 0.26, respectively, Fig. 2a and b) .
There was a trend toward a higher mean creatinine at 1 and 3 years post transplant although there was a significant amount of missing data which limits the interpretation of these findings. However, the number of failed grafts and patients returning to dialysis were equivalent across the three groups. Overall, rejection rates of the kidney were statistically similar at the end of 1 year post-transplant across all groups, but there was a slightly higher rate of treatment of kidney rejection in the first 6 months (6.01% vs. 9.2% for the NW versus MO, respectively).
Risk factors for Graft Loss following SLK
A frailty model incorporating a cubic B-spline function for BMI effect into the baseline hazard function was used to estimate the covariate effects in association with patient and graft survival [11] . After working with different number of knots, we found a natural cubic spline with five internal knots converged well. In that model, the spline effect was found to be not significant (P = 0.2703, 0.2792, 0.2612 for patient, liver graft and kidney graft respectively) ( Table 3) . Thus, a frailty model treating BMI as either continuous or categorical (three-level categorization) was used to measure the association between all the covariates and the time to failure. Comparing the two models, the model with categorical BMI had a slightly larger likelihood value than that of the model treating BMI as continuous. Thus, adjusted HR and their inference results are presented for the full model treating BMI as three-level categorical variable along with interactions between BMI with albumin, MELD and NASH being reported.
Univariate and multivariate analysis was performed to determine factors associated with patient survival as well as kidney and liver graft survivals (Tables 4-6 ). BMI when used as a categorical or linear variable was not found to be a significant risk factor. In multivariate analysis, several recipient factors were found to be associated with poor overall survival ( 64, CI 0.53-0.78) was associated with improved kidney graft survival. Interestingly, NASH was not a predictor of kidney graft, liver graft, or overall patient survival. Additionally, the transplant region random effect was found to be significant for all three outcomes of overall patient (P = 0.001), liver graft (P = 0.009), and kidney graft (P = 0.0008) survival with variability of the regions to be 0.017, 0.013, and 0.016 respectively. This indicates overall survival and graft survival were indeed correlated at the regional level.
Interactions between BMI and known risk factors were also performed to determine if in certain subgroups, morbid obesity was a factor in poor outcomes (Tables 4 and 5 and Tables S1-S3 ). Categorical BMI was used to examine interactions with higher MELDs (≥29), albumin <3, and in recipients with NASH. In all subset analyses, morbid obesity failed to show any significant interactions and results in poor outcomes both in overall patient and in liver and kidney graft survival. It can be seen however that albumin <3 and MELD ≥29 had more significant effect when BMI are normal for patient mortality and graft failure generally.
Discussion
The prevalence of obesity continues to increase around the world resulting in higher rates of diabetes mellitus, hypertension, hyperlipidemia, fatty liver disease and cardiovascular disease [5] . This constellation of symptoms, often referred to as the metabolic syndrome, has resulted in rising rates of nonalcoholic fatty liver disease (NAFLD) and NASH [12] . NASH is also now becoming one of the leading indications for liver transplantation [2] . In addition to being a burden to a person's wellbeing and health, obesity is also thought to have a global effect on health care increasing health care costs [13] . In the perioperative setting, morbidly obese patients in many cases have higher rates of perioperative complications [14, 15] . In light of this, it is imperative that the results of organ transplantation in obese patients be comparable to those of non-obese patients in order to ensure that transplanted organs are not wasted. Very limited data is presently available for SLK in morbidly obese patients. This is likely reflective of the fact that morbid obesity is generally viewed as contraindication to both isolated kidney and/or liver transplantation at many centers. A recent publication by Singhal et al. examined the outcomes of SLK in NASH patients and found poorer long term kidney graft survival in patients with NASH and BMI >30 compared to patients with primary biliary cirrhosis, primary sclerosing cholangitis, and alcohol-related liver disease [3] . These findings were irrespective of the presence of diabetes mellitus. In this study using the UNOS database, we found no difference in the long-term patient and graft survival (liver and kidney) outcomes of SLK in obese and morbidly obese individuals as compared to non-obese individuals. Although, higher GFRs were reported at 1 and 3 years for patients with higher BMIs, there was a large amount of missing data that limits the interpretation of these findings. Reassuringly though, there was no appreciable difference in graft loss over time between the NW, OW, and MO cohorts. In 2005 in the AASLD guidelines for liver transplantation, morbid obesity was listed as a contraindication to transplantation [16] . This recommendation was largely based on old UNOS data that suggested higher incidences of primary non-function, cardiovascular events and mortality in morbidly obese patients [17] . These recommendations have led to many centers using morbid obesity as a relative or absolute contraindication to liver transplantation. More recent reviews of the SRTR database have contradicted these results and have demonstrated no difference in short and long-term graft and patient survival [18, 19] . Several single center studies have also supported these findings suggesting that improvements in liver transplantation techniques and patient selection can result in similar outcomes for morbidly obese patients. However, some studies have suggested an increase in length of hospital stay post liver transplant and an increase in perioperative complications. These, however, do not appear to effect longterm outcomes. The accuracy and utility of BMI in patients with ESLD has also been called into question and the use of a modified BMI that also takes into account serum albumin has been shown by one group to more accurately predict long-term outcomes [20] .
Similarly, a BMI of 40 is considered a contraindication to kidney transplantation at many centers across the United States including our own center. In addition, in 2007, insurance companies began to deny transplantation for patients with BMIs >40. These recommendations are based on studies that demonstrated initial poor kidney function with higher rates of DGF and decreased long-term graft survival in obese patients [21, 22] . Morbidly obese patients were also found to have increased rates of rejection and higher rates of DGF similar to the findings in this study [22] . However, several more recent studies have suggested that the long-term outcomes of kidney transplantation are acceptable and BMI should not be used to determine candidacy for kidney transplant [23, 24] . The increase in rejection could be accounted for due to possible under dosing of immunosuppression due to a cap on the upper dosage limit. It is possible that a more aggressive host immune system exists in the higher chronic inflammatory state known to be associated with obesity [25, 26] . Factors that could explain this finding include a sampling bias in that patients with acute rejection received closer follow-up, timelier diagnosis and more optimal immunosuppression compared with those without rejection. Given the inherent limitations of a registry study, there could also be 'non-response bias' resulting in an under-reporting of acute rejection episodes. The link between fatty liver disease and kidney dysfunction is just coming to light [27] . In addition to known risk factor associated with the metabolic syndrome (i.e. hypertension and diabetes), NALFD also results in chronic inflammatory state that induces injury to the kidneys [27, 28] . It is possible that in addition to providing some immunologic protection to the kidney, SLK also gets rid of the necroinflammatory response associated with NAFLD/NASH. This could potentially be one explanation why we see better longterm outcomes in SLK in the MO group as compared to morbidly obese patients that undergo kidney transplant alone.
Obesity and the recurrence of NASH in the post-transplant setting is not insignificant [29] . Although meaningful weight loss in the pre-transplant setting is likely unrealistic, weight loss post transplant might help to obtain optimal long-term results following transplantation. Bariatric amount of weight loss that was largely maintained in the long-term. While this is one of the largest database reviews of SLK in obesity, this study has some limitations. Like all large studies, the data sets are not complete and are compiled from multiple centers that have differing practices, experience, and outcomes. Limited information is also collected in these databases limiting the breadth of examination of the different cohorts. The number of patients in the MO group is also small in comparison to the other two groups. In addition, there might be confounding variables that are not captured by the SRTR (e.g. cardiovascular risk factors), and thus the MO patients might have been much healthier (i.e. less heart disease or other comorbidities) than the other groups. A large, prospective trial would be needed to address many more in depth questions regarding SLK in obese patients.
In conclusion, outcomes from SLK are comparative regardless of BMI. Patients with BMIs >40 should be carefully assessed for candidacy for SLK and should not be automatically denied a lifesaving combined organ transplant solely based on BMI. Larger studies are warranted to examine SLK in obese patients to generate more conclusive guidelines. However, a trial should be done in the setting of post-transplant obesity treatment to try to mitigate the presumed detrimental effect of recurrent NASH on long-term liver and kidney allograft survival.
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